ence judgments are not simple inverses of each other: They are processes that interact in complex ways. In light of these intimate relationships, I will henceforth use the term comparison processes to refer to the processes of judging either similarity or difference. In the following terminology, comparison processes can be either similarity oriented or difference oriented.
The Present Research
In the present study, I examine not how features affect comparison processes, but how comparison processes affect the perception of features. Previous research (Medin, Goldstone, & Gentner, 1993) has demonstrated that the interpretation of ambiguous stimuli is affected by the properties of the unambiguous stimuli with which they were compared. This tendency was more evident when participants listed similarities between the objects than when they listed differences. The present study takes the examination of the constructive role of comparison processes one step further, by examining their role in the perception of features. It is hypothesized that the effects of comparison processes on perception are similar to those they have on interpretation. Hence, similarity-oriented comparison processes should render the features of the objects in the comparison more similar to each other, relative to their perception in a difference-oriented comparison process.
The perceptual effect of comparison processes is examined here through the Ebbinghaus illusion. The illusion is demonstrated in Figure 1 . While examining the two figures, compare the central (target) ellipse in Figure 1A with that in Figure 1B . Despite the fact that these two ellipses are identical in size, the one in Figure 1B looks bigger. This illusion presumably results from a perceptual contrast effect between the target and the context: When the context is composed of relatively large stimuli, the I thank Benny Shanon and the late Amos Tversky for discussions of some of the ideas presented in this paper and Ido Levitan and Sarit Shaanani for their help in preparing and conducting the studies. Correspondence concerning this article should be addressed to R. R. Hassin, Department of Psychology, New York University, 6 Washington Place, 7th Floor, New York, NY 10003 (e-mail: ran.hassin@nyu.edu).
Making features similar:
Comparison processes affect perception RAN R. HASSIN New York University, New York, New York In this paper, the constructive nature of comparison processes (both similarity-and differenceoriented judgments) is examined through their effects on visual perception. Previous research has shown that comparison processes enhance the tendency to interpret ambiguous objects in the light of the unambiguous objects with which they are compared (Medin, Goldstone, & Gentner, 1993) . In the present paper, it is argued that comparison processes affect not only the interpretation of objects, but also their perception. In addition, it is argued that the perceptual effects of similarity-oriented comparison processes differ from those of difference-oriented comparison processes. Accordingly, it is demonstrated that when estimation of an object's size is preceded by similarity-oriented comparisons, the Ebbinghaus illusion practically disappears, whereas prior difference-oriented comparisons tend to enhance the illusion.
target looks smaller than when the context is composed of relatively small stimuli (see, e.g., Choplin & Medin, 1999; Coren & Enns, 1993; Coren & Miller, 1974; Stapel & Koomen, 1997.) According to the present hypothesis, the perceived features of objects that take part in a similarity-oriented comparison are more similar than the perceived features of (the same) objects that take part in a difference-oriented comparison. It is hypothesized, then, that the Ebbinghaus illusion following similarity-oriented comparisons should be weaker than the Ebbinghaus illusion following difference-oriented comparisons. The "regular" Ebbinghaus illusion-that is, the one obtained when one does not engage in comparison processes prior to estimating the size of the target objects-should fall somewhere in between.
METHOD Participants
Ninety-five students from Tel Aviv University (37 males, 58 females) participated in the study in partial fulfillment of a course requirement. Their mean age was 23.
Materials
Eighteen pairs of stimuli were created, each containing a target and a context of inducing objects (see the examples in Figure 1 ). In one stimulus of each pair, the inducing objects were bigger than the target object, whereas in the other they were smaller than the target. A pretest examined the magnitude of the Ebbinghaus illusion (MEI) that these pairs create, and the 10 pairs that created the biggest illusion were chosen for the study itself.
Procedure
The participants took part in the study either individually or in small groups. They were randomly assigned to one of the six conditions created by two independent variables: context size (small vs. big context objects) and type of comparison (similarity, difference, and control). Each participant received a booklet containing 10 stimuli, each appearing on a separate page. They were told that they were taking part in a study that would examine "visual processing and cognitive judgments." At the bottom of each page appeared a horizontal line that had a short vertical stop at the far left end. The participants were asked to indicate the widest horizontal extent of each target object. This was done by placing a pen mark so that the distance between the left end of the line and the mark was equal to the perceived horizontal extent of the target object. Prior to estimating the size, the participants in the similarity and difference conditions were asked to judge the similarity (difference) of the target and the context objects, using a 9-point scale ranging from very similar (very different) to not similar at all (not different at all ). The participants in the control condition were asked to judge how complex the objects were before engaging in the estimation of size.
Scoring
A "blind" judge used a ruler to measure (in millimeters) the length of the horizontal lines marked by the participants.
RESULTS
The MEI is measured by subtracting the mean perceived size of targets in the big-context condition from their mean perceived size in the small-context condition. In the control condition, when no explicit comparison took place prior to the estimation of size, the MEI was 2.10 mm (see Table 1 ). The Ebbinghaus illusion virtually disappeared in the similarity condition (MEI 5 0.10 mm) and grew slightly larger in the difference condition (MEI 5 2.56 mm).
A 2 (context, big vs. small) 3 3 (type of comparison, similarity vs. difference vs. control) analysis of variance, Since the MEI in the similarity condition significantly differed from that in the control condition, whereas that in the difference condition did not, it seems that most of the action occurred in the similarity-oriented comparisons. This tentative conclusion might be premature, however. One alternative explanation to be considered is that the action in the difference-oriented condition was weaker simply because the stimuli were relatively similar to each other. This explanation is supported by the actual ratings of similarity and difference. The mean rating of similarity was 7.48 (SD = 0.282), whereas the mean rating of difference was 4.14 (SD = 0.245).
DISCUSSIO N
Both philosophers (e.g., Goodman, 1982) and psychologists (e.g., Murphy & Medin, 1985; Shanon, 1988) have attacked the notion of similarity in general and feature-based similarity in particular, claiming that it is too unconstrained and, hence, cannot perform sufficient explanatory work. Accordingly, noting that every pair of objects (or concepts, people, etc.) share any number of features and also differ in any number of features, philosopher Nelson Goodman claims that similarity is an illdefined notion that has no meaning unless relevant respects of the comparison are specified. But, he goes on, if similarity has no meaning in itself and all the work is done by determination of the respects in which the comparison is to be made, it becomes a vacuous concept (Goodman, 1982) . Hence, either similarity is "a pretender, an impostor, a quack" (p. 437), or else one has to offer ways in which similarity comparisons can be made meaningful. One of the ways to make similarity more meaningful is to treat it as a constructive process, one that not only takes into account objects and features, but also constrains features and creates respects for the comparison.
The present study provides new evidence for the constructive nature of comparison processes (see also Markman & Gentner, 1993 , 1996 Medin et al., 1993) . First, it demonstrates that comparison processes affect perception, as measured by participants' width estimates. Second, it demonstrates that different orientations of comparison processes affect perception differently. Relative to the difference orientation (and the control), similarity orientation makes the features of the objects in the comparison more similar to each other. The present findings suggest, then, that in order to understand comparison processes, it is not enough to ask how features (attributes, relations) construct similarity. One must also ask how comparison processes construct features.
As was noted in the introduction, similarity and difference judgments are not always inverses. Three mechanisms of differential weighting have been proposed to explain findings of this sort. Tversky (1977) suggested that people may attend more to common features in similarity judgments, whereas they may attend more to distinctive features in difference judgments. Medin et al. (1990) suggested that similarity judgments emphasize relations, whereas difference judgments emphasize attributes. Lastly, Markman (1996) suggested that shared relations are more important to similarity judgments than are shared attributes, whereas alignable differences are more important to difference judgments than are nonalignable differences (e.g., Markman & Gentner, 1996) . The perceptual effects of comparison processes, however, may suggest a different kind of mechanism for noncomplementary similarity and difference judgments. According to this suggestion, similarity and difference judgments are sometimes not complementary simply because similarity judgments enhance perceptual similarity, whereas difference judgments enhance perceptual difference.
In previous investigations of the Ebbinghaus illusion, the role of similarity between the target and the inducing objects was examined. Coren and his colleagues (Coren & Enns, 1993; Coren & Miller, 1974) provided evidence in support of the claim that the Ebbinghaus illusion is a function of the similarity between the inducing objects and the target. These results were replicated and extended by Stapel and Koomen (1997) , who showed that the MEI is sensitive to similarities in the social categorizations of the stimuli. Recent research by Choplin and Medin (1999) , however, suggests a dissociation between the MEI and similarity. Can the present findings shed new light on the intricate relationships between comparison processes and the Ebbinghaus illusion? The findings reported above show that a change in the orientation of the comparison process results in changes in MEIs. This finding, then, seems to support the former view, according to which the Ebbinghaus illusion is correlated with similarity. However, because the stimuli used in the study were geometrical shapes, in which the perimeter is salient, and because even Choplin and Medin think that perimeter similarity might be correlated with the Ebbinghaus illusion, the exact nature of the relations between similarity and the Ebbinghuas illusion is left for future investigations.
